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(57)  An embodiment of the present disclosure pro- to obtain a target image. According to the embodiment
vides a method for processing an image. The method of the present disclosure, by determining the weights of
comprises: determining weights corresponding to candi- the candidate colors, the image can be converted into

date colors for a target color based on an original color
of a pixel in the image; selecting a target color of the pixel
from the candidate colors based on the weights; and con-
verting the original color of the pixel into the target color

the target image comprising only the candidate colors,
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represent the target image.
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Description
FIELD
[0001] The presentdisclosure relates to the field of im-

age processing, and in particular, to a method for
processing an image, a storage medium and an appara-
tus for the same.

BACKGROUND

[0002] In recent years, ink screens have been widely
used in a display field. The ink screens are used in prod-
ucts such as e-books (for example, Amazon’s kindle), e-
paper, e-labels, and e-table cards. Unlike traditional LCD
displays, the ink screens can only display few colors (for
example, only black and white).

SUMMARY

[0003] Embodiments of the present disclosure provide
a method for processing an image, a storage medium
and an apparatus for the same.

[0004] In a first aspect of the present disclosure, a
method for processing animage is provided. The method
comprises: determining weights corresponding to candi-
date colors for a target color based on an original color
of a pixel in the image; selecting a target color of the pixel
from the candidate colors based on the weights; and con-
verting the original color of the pixel into the target color
to obtain a target image.

[0005] Inanembodimentofthe present disclosure, se-
lecting a target color of the pixel comprises: determining
a weight with a maximum value among the weights; and
selecting the candidate color corresponding to the weight
with the maximum value as the target color.

[0006] Inanembodimentof the presentdisclosure, de-
termining the weights comprises: establishing a color
conversion space in a HSV color space based on the
candidate colors; in the color conversion space, deter-
mining the weights corresponding to the candidate
colors.

[0007] Inanembodimentofthe present disclosure, the
candidate colors comprise a color with a hue, white or
black, and the weights comprise a first weight corre-
sponding to the color with the hue, a second weight cor-
responding to white, and a third weight corresponding to
black.

[0008] Inanembodimentofthe present disclosure, the
color conversion space is established such that: when a
S component and a V component are at maximum val-
ues, a H component has a plurality endpoints, the end-
points comprise a first endpoint and a second endpoint
both representing white, a third endpoint representing
the color with a hue, and an odd number of additional
endpoints representing black or white, wherein the first
endpoint and the second endpoint divide the H compo-
nent as a whole into a first interval and a second interval
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continuous with each other, and the third endpoint is lo-
cated in the first interval, the additional endpoints are
located in the second interval, and when a number of the
additional endpoint is 1, the additional endpoint repre-
sents black, and when a number of the additional end-
points is greater than 1, one of two closest additional
endpoints represents white and the other of the two clos-
est additional endpoints represents black, and two addi-
tional endpoints respectively closest to the first endpoint
and the second endpoint represent black, wherein, a
color between any two closest endpoints is a transition
of colors of the two endpoints; as the S component grad-
ually decreases, a color in the color conversion space
gradually changes to white; and as the V component
gradually decreases, a color in the color conversion
space gradually changes to black.

[0009] Inanembodimentofthe presentdisclosure, de-
termining the weights comprises: when the S component
and the V component are at maximum values, determin-
ing first ratios of the candidate colors based on the H
component, wherein a sum of the first ratios of the can-
didate colors is 1; determining second ratios of the can-
didate colors based on the first ratios and the S compo-
nent, wherein a sum of the second ratios of the candidate
colors is 1; and determining the weights of the candidate
colors based on the second ratios and the V component,
wherein a sum of the weights of the candidate color is 1.
[0010] In an embodiment of the present disclosure, a
hue of the color with the hue in the HSV space is repre-
sented by the following formula:

H=Nx60°,

wherein, N is an integer and 0 <N < 5.

[0011] Inanembodiment of the present disclosure, the
endpoints comprise six endpoints, and H coordinates of
the endpoints are 0°, 60°, 120°, 180°, 240°, 300°, respec-
tively.

[0012] In an embodiment of the present disclosure, a
hue of the color with the hue is 0°, wherein the first ratio
ry4 corresponding to red, the first ratio r,4 corresponding
to white, and the first ratio ry, corresponding to black are
expressed by the following formula: when 0° < H <60°,

H
rqq = 1- o
60
Iy = o !
60
r31 =0,
when 60° <H < 120°,
r1=0,



3
H-60°
Iy =1— -
60
H-60°
31 = s !
60
when 120° < H < 180°,
riy=0,
H-120°
Iy = s
60
H-120°
I'31 = 1 _——_—
60°
when 180° < H < 240°,
r1=0,
H-180°
r(y=1—- ——
21 60°
r.. — H180°
31 — 60° '
when 240° <H < 300° r; =0,
H-240°
Iy = s
60
H-240°
I'31 = 1 _——_—
60°
when 300° < H < 360°,
H-300°
Iy = .
60
H-300°
Ipp=1=——
60

r3; =0;

I

I

I
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wherein, the second ratio ry, corresponding to red, the 50
second ratio ry, corresponding to white, and the second
ratio r3, corresponding to black are expressed by the

following formula:

I = ryp X

Smax

I

55

S

S
rzz =I‘21X—+(1—
Smax Smax

)

S
I'zp = I'3q X '
max

wherein, the first weight ry3 corresponding to red, the
second weight r,5 corresponding to white, and the third
weight ry5 corresponding to black are represented by the
following formula:

I3 = ry;p X

I
Vmax

Iyz = I'pp X

I
Vmax

v

)

v
33 = Iy X —+ (1 —
33 32 7 Vinax ( Vinax

wherein, the S, represents a maximum value in the S
component, and the V,,, represents a maximum value
in the V component.

[0013] In an embodiment of the present disclosure, a
hue of the color with the hue is 60°, wherein the first ratio
ry1 corresponding to yellow, the first ratio r,4 correspond-
ing to white, and the first ratio r34 corresponding to black
are expressed by the following formula: when 60° < H <
120°,

H—-60°
ri; = 1- 60° !
_ H-60°
Fo1 = =5t
r31 =0,
when 120° < H < 180°,
ry=0,
H-120°
Pz =1- 60°
H-120°
I3y = s !
60

when 180° < H < 240°,
ry=0,
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H-180°
Iy = s
60
H-180°
s =1- 60°
when 240° < H < 300°,
riy=0,
H—240°
fa =27 =
H—240°
I3y = s !
60
when 300° < H < 0°,
r1=0,
H-300°
Iy = s
60
H-300°
s =1- 60°
when 0° < H < 600°,
Fip=—,
60
H
r,, = 1- o
60

34 = 0,

wherein, the second ratio ry, corresponding to yellow,
the second ratio r,, corresponding to white, and the sec-
ond ratio ry, corresponding to black are expressed by
the following formula:

I

12 = I'p X g
max

S S
rzz =I‘21><—+(1——
Smax

)

Smax
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[0014] wherein, the first weight r 5 corresponding to
yellow, the second weight ry53 corresponding to white,
and the third weight r33 corresponding to black are rep-
resented by the following formula:

I3 = ry;p X

I
Vmax

Iyz = I'pp X

I
Vmax

v

\%
I'33 = I'32 X_+(1_
Vmax

)

Vmax

wherein, the S, represents a maximum value in the S
component, and the V,,, represents a maximum value
in the V component.

[0015] In an embodiment of the present disclosure, a
hue of the color with the hue is 120°, wherein the first
ratio rq4 corresponding to green, the first ratio ry4 corre-
sponding to white, and the first ratio ry4 corresponding to
black are expressed by the following formula:

when 120° < H < 180°,

H-120°
I‘11 — 1 - A 7
60
H-120°
Iy = s
60
r31 =0,
when 180° < H < 240°,
rq= 0
H-180°
I,y = 1- .
60
H-180°
I3y = s !
60
when 240° < H < 300°,
rq= 0 ,
H-240°
Iy = s
60
H-240°
r;; = 1- s
60
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when 300° < H < 0°,

I’11 = 0,
H—300°
Pz =1- 60°
H-300°
I3y = s !
60
when 0° < H < 160°,
r1=0,
Iy = !
60
H
r Izq = 1- o !
60
when 60° < H < 120°,
H—60°
Iy = —
60
H—60°
fn =27 =

y 31 =0;

wherein, the second ratio ry, corresponding to green, the
second ratio ry, corresponding to white, and the second
ratio r3, corresponding to black are expressed by the
following formula:

S
I = 'y X—,
max

—),

S
rzz =I‘21X—+(1—
Smax Smax

I

32 = I'yy X g
max

wherein, the first weight ry; corresponding to green, the
second weight r,4 corresponding to white, and the third
weight ry5 corresponding to black are represented by the
following formula:

I3 = I'jp X ‘
13 12 Xy —
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r Tp3 = TIpp X

i
Vmax

v v
I3z = I'gy X—+ (1 ——),
VmaX VmaX

wherein, the S, represents a maximum value in the S
component, and the V,,, represents a maximum value
in the V component.

[0016] In an embodiment of the present disclosure, a
hue of the color with the hue is 180°, wherein the first
ratio ry4 corresponding to cyan, the first ratio ry4 corre-
sponding to white, and the first ratio r34 corresponding to
black are expressed by the following equations:

when 180° < H < 240°,

H-180°
rqq = 1- .
60
H-180°
Iy = s
60
r31 =0,
when 240° < H < 300°, r,, = 0,
H-240°
r I‘21 = 1 - A i
60
H-240°
o T3 = . !
60
when 300° < H <0°,
ri1 =0,
H-300°
Iy = s
60
H-300°
r;; = 1- s
60
when 0° < H < 60°,
r1=0,
H
1‘21 — 1 - o !
60
I3y = W
60
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when 60° < H < 120°,

rq= 0 ,
H-60°
Iy = s
60
H-60°
r;; = 1- s
60
when 120° < H < 180°,
H-120°
Iy = .
60
H-120°
r,, = 1- N A
60

r3; = 0;

wherein, the second ratio ry, corresponding to cyan, the
second ratio ry, corresponding to white, and the second
ratio r3, corresponding to black are expressed by the
following formula:

I = ryp X

1
Smax

—),

S
rzz =I‘21X—+(1—
Smax Smax

I'zp = I'3q X

I
Smax

wherein, the first weight ry; corresponding to cyan, the
second weight r,4 corresponding to white, and the third
weight ry5 corresponding to black are represented by the
following formula:

_ v
I3 = ry;p X Vo
v
Iyz = I'pp X Vi
v v
T3z = Tz X o +(1_v ),
max max

wherein, the S, represents a maximum value in the S
component, and the V,,,,, represents a maximum value
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in the V component.

[0017] In an embodiment of the present disclosure, a
hue of the color with the hue is 240°, wherein the first
ratio ry4 corresponding to blue, the first ratio r,4 corre-
sponding to white, and the first ratio ry4 corresponding to
black are expressed by the following formula:

when 60° <H < 120°,

H-240°
= 1= 60°
H-240°
Iy = s
60
r31 =0,
when 300° < H <0°,
I’11 =0 ,
H-300°
Pz =1- 60°
H-300°
I3y = s !
60
when 0° < H < 60°,
I’11 = 0,
r I‘21 —_ _O I
60
H
r;; = 1- o1
60
when 60° <H < 120°,
I’11 =0
H-60°
fn = 27 =
H-60°
31 = s !
60
when 120° <H < 180°,
I’11 =0 ,
H-120°
Iy = s
60
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H-120°
r;; = 1- T
60
when 180° < H < 240°,
H-180°
Iy = .
60
H-180°
r,, = 1- N A
60

r31=0;

wherein, the second ratio rq, corresponding to blue, the
second ratio ry, corresponding to white, and the second
ratio r3, corresponding to black are expressed by the
following formula:

S
I = 'y X—,
max

S S
rzz =I‘21><—+(1——
Smax

)

Smax

S
I'zp = I'3q X '
max

wherein, the first weight r 3 corresponding to blue, the
second weight ry5 corresponding to white, and the third
weight r35 corresponding to black are represented by the
following formula:

I3 = ry;p X

I
Vmax

Iyz = I'pp X

I
Vmax

v v
I3z = I'gy X—+ (1 ——),
VmaX VmaX

wherein, the S, represents a maximum value in the S
component, and the V,, represents a maximum value
in the V component.

[0018] In an embodiment of the present disclosure, a
hue of the color with the hue is 300°, wherein the first
ratio ry4 corresponding to magenta, the first ratio r,4 cor-
responding to white, and the first ratio r34 corresponding
to black are expressed by the following formula:

when 300° < H < 0°,
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12
H-300°
rip = 1-= o
H-300°
Iy = s
60
r31 =0,
when 0° <H < 60°,
r1=0,
H
Pz =1- 60° '
_H
I3y = o !
60
when 60° <H < 120°,
r1=0,
H-60°
Iy = s
60
H-60°
s =1- 60°
when 120° < H < 180°,
ri1=0,
H-120°
r; =1- o
H-120°
I3y = s !
60
when 180° < H < 240°,
ri1=0,
H-180°
Iy = s
60
H-180°
Izp = 1— o
when 240° < H < 300°,
H-240°
Iy = .
60

I
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H-240°
r,, = 1- N A
60

34 = 0,

wherein, the second ratio ry, corresponding to magenta,
the second ratio ry, corresponding to white, and the sec-
ond ratio ry, corresponding to black are expressed by
the following formula:

I = ryp X

1
Smax

—),

S
rzz =I‘21X—+(1—
Smax Smax

I'zp = I'3q X

I
Smax

wherein, the first weight ry3 corresponding to magenta,
the second weight ry3 corresponding to white, and the
third weight r33 corresponding to black are represented
by the following formula:

I3 = ry;p X

1
Vmax

Iyz = I'pp X

I
Vmax

v

\%
I'33 = I'32 X_+(1_
Vmax

)

Vmax

wherein, the S, represents a maximum value in the S
component, and the V,, represents a maximum value
in the V component.

[0019] Inanembodimentofthe present disclosure, the
method further comprises: after determining the target
color of the pixel, performing error diffusion on the pixel.
[0020] Inanembodimentofthe present disclosure, the
error diffusion is performed based on a Floyd-Steinberg
filter.

[0021] In a second aspect of the present disclosure, a
storage medium is provided. The storage medium has
computer instructions stored thereon, wherein the com-
puter instructions are executed by a processor to perform
the method described in the first aspect of the present
disclosure.

[0022] In a third aspect of the present disclosure, an
apparatus is provided. The apparatus comprises one or
more processors, the processors are configured to exe-
cute computer instructions to perform the method de-
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scribed in the first aspect of the present disclosure.
[0023] According to the embodiments of the present
disclosure, by determining the weights of the candidate
colors, the image can be converted into the target image
comprising only the candidate colors, thereby using a
limited number of candidate colors to represent the target
image.

[0024] Further adaptive aspects and scope will be-
come apparent from the description provided herein. It
should be understood that various aspects of the present
application may be implemented alone or in combination
with one or more other aspects. It should also be under-
stood that the description and specific embodiments
herein are intended to be illustrative and not limiting the
scope of this application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The drawings described herein are only for the
purpose of illustrations of the selected embodiments rath-
er than any possible implementation, and they are not
intended to limit the scope of this application, in which:

Fig. 1 is a schematic flowchart of a method for
processing an image according to an embodiment
of the present disclosure;

Fig. 2 is a schematic diagram of a color conversion
space according to an embodiment of the present
disclosure;

Fig. 3 is a schematic diagram of a color conversion
space according to another embodiment of the
present disclosure;

Fig. 4 is a schematic diagram of error diffusion from
one pixel to surrounding pixels according to an em-
bodiment of the present disclosure; and

Figs. 5A-5C illustrate a process of converting an im-
age into a target image according to a method of an
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0026] In order to make the objectives, technical solu-
tions, and advantages of the embodiments of the present
disclosure clearer, the technical solutions of the embod-
iments of the present disclosure will be described clearly
and completely in conjunction with the accompanying
drawings of the embodiments of the present disclosure.
Obviously, the described embodiments are only a part
of the embodiments of the present disclosure, rather than
all the embodiments. Based on the described embodi-
ments of the present disclosure, all other embodiments
obtained by those of ordinary skill in the art without cre-
ative labor are within the protection scope of the present
disclosure. Hereinafter, the embodiments of the present
disclosure will be described in detail with reference to the
drawings and in conjunction with the embodiments. It
should be noted that, in the case of no conflict, the fea-
tures in the embodiments of the present disclosure can
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be combined with each other.

[0027] Usually, ink screens can only display a few
colors. In order to enable a color image to be displayed
on the ink screen, it is necessary to convert the color
image into a target image comprising the colors support-
ed by the ink screen.

[0028] Fig. 1is a schematic flowchart of a method for
processing an image according to an embodiment of the
present disclosure. As shown in Figure 1, first, in step
102, weights corresponding to candidate colors for a tar-
get color are determined based on an original color of a
pixel in the image. Then, in step 104, the target color of
the pixel is selected from the candidate colors based on
the weights of the candidate colors. Finally, in step 106,
the original color of the pixel is converted into the target
color to obtain the target image.

[0029] It can be seen from the above description that
with the method according to the embodiment of the
present disclosure, by determining the weight of each
candidate color, the image can be converted into the tar-
get image that only comprises the candidate colors.
Thereby the targetimage can be represented by a limited
number of candidate colors.

[0030] In step 104, the process of selecting the target
color of the pixel comprises the following two steps. First,
a weight with a maximum value among the weights of
the candidate colors is determined. Then, the candidate
color corresponding to the weight with the maximum val-
ue is selected as the target color of the pixel. By selecting
the weight with the maximum value, the target color of
the pixel can be closer to its original color.

[0031] In the embodiment of the present disclosure,
the original color of the pixel may be represented by com-
ponents in a color space. For example, the original color
of the pixel can be represented by three components of
R, G, and B in the RGB color space. Alternatively, the
original color of the pixel can also be represented by three
components of H, S, and V in the HSV color space.
[0032] It canbe understood that those skilled in the art
can convert the original color of the pixel from the R, G,
and B components in the RGB color space to the H, S,
and V components in the HSV color space.

[0033] In step 102, the process of determining the
weights corresponding to the candidate colors comprises
the following two steps. First, based on the candidate
colors, a color conversion space is established in the
HSV color space. Then, in the color conversion space,
the weights corresponding to the candidate colors are
determined.

[0034] In the embodiment of the present disclosure,
the candidate colors may comprise a color with a hue,
white, and black. In this embodiment, the weights corre-
sponding to the candidate colors comprise a first weight
corresponding to the color with the hue, a second weight
corresponding to white, and a third weight corresponding
to black. In the following embodiment, the number of can-
didate colors being three is taken as an example for de-
scription.
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[0035] It can be understood that the number of candi-
date colors may not be limited to three, for example, it
may be four (two colors with different hues, white and
black). In addition, the color with the hue may be any
color on the H component in the HSV color space, for
example, it may be red, yellow, green, cyan, blue, or ma-
genta.

[0036] The process of establishing the color conver-
sion space will be described in detail below. Fig. 2 is a
schematic diagram of a color conversion space accord-
ing to an embodiment of the present disclosure. The es-
tablishment of the color conversion space comprises the
following three steps. First, when the S component and
the V component are at their maximum values (that is,
on the circumference corresponding to the top surface
of the cone shown in FIG. 2), the H component has a
plurality endpoints. The plurality of endpoints comprises
a first endpoint P, and a second endpoint P, both repre-
senting white, a third endpoint P, representing the color
with a hue, and an odd number of additional endpoints
P4, P’5...P’5,44 representing black or white (n is an inte-
ger greater than or equal to zero). As shown in FIG. 2,
the first endpoint P, and the second endpoint P, divide
the H component as a whole into a first interval and a
second interval continuous with each other. The third
endpoint P5 is located in the first interval, and the addi-
tionalendpoints P’4, P’...P’5,,4 are located in the second
interval. When the number of additional endpoints is 1
(i.e., when n is equal to zero), the additional endpoint
represents black. When the number of additional end-
points is greater than 1 (i.e., when n is an integer greater
than zero), one of two closest additional endpoints rep-
resents white and the other of the two closest additional
endpoints represents black, and two additional endpoints
respectively closest to the first endpoint P4 and the sec-
ond endpoint P, represent black. As shown in Figure 2,
the additional endpoint P’y 4 closest to the first endpoint
P, represents black, and the additional endpoint P’; clos-
est to the second endpoint P, represents black. After
defining the colors represented by the aforementioned
endpoints, the color between any two closest endpoints
is a transition of colors of the two endpoints. Specifically,
the color between the first endpoint P4 and the third end-
point P5 can be a transition from white to a color with a
hue, and the color between the third endpoint P5 and the
second endpoint P, can be a transition from a color with
a hue to white, the color between the second endpoint
P, and the additional endpoint P’; can be a transition
from white to black, and the color between the additional
endpoint P’y and the additional endpoint P’; can be a
transition from black to white, and so on, the color be-
tween the additional endpointP’,, and the additional end-
point P’5,,4 can be a transition from white to black, and
the color between the additional endpoint P’,,., 1 and the
first endpoint P can be a transition from black to white.
So far, the first step in establishing a color conversion
space has been described.

[0037] Then, asthe S component gradually decreases
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(that is, in an opposite direction of the arrow of the S
component shown in FIG. 2), the color in the color con-
version space is gradually converted to white. This is
because, in the HSV color space, the S component indi-
cates how close the color is to the spectral color, where
the larger the S component, the closer the color is to the
spectral color (that is, the smaller the white light compo-
nent), and the smaller the S component, the closer the
color is to white (that is, the larger the white light compo-
nent).

[0038] Finally, as the V component gradually decreas-
es (that is, along the opposite direction of the arrow of
the V component shown in FIG. 2), the color in the color
conversion space gradually changes to black. This is be-
cause, in the HSV color space, the V component repre-
sents the brightness of the color, where the smaller the
V component, the closer the color is to black, and the
larger the V component, the closer the color is to white.
[0039] So far, the establishment process from HSV
color space to color conversion space has been de-
scribed.

[0040] Next,inthe established color conversion space,
how to determine the weights corresponding to the can-
didate colors will be discussed. First, when the S com-
ponentand the V componentare at the maximum values,
the first ratios of the candidate colors are determined
based on the H component, where the sum of the first
ratios of the candidate colors is 1, for example, the sum
of the first ratio of the color with the hue, the first ratio of
white and the first ratio of black is 1. Then, based on the
determined first ratios and the S component, second ra-
tios of the candidate colors are determined, wherein the
sum of the second ratios of the candidate colors is 1, for
example, the sum of the second ratio of the color with
the hue, the second ratio of white and the second ratio
of black is 1. Finally, based on the determined second
ratios and the V component, the weights corresponding
to the candidate colors are determined, where the sum
of the weights of the candidate colors is 1, for example,
the sum of the first weight corresponding to the color with
the hue, the second weight corresponding to white and
the third weight corresponding to black is 1.

[0041] In the embodiment of the present disclosure,
the hue of a color with a hue in the HSV space can be
expressed by the following formula:

H=Nx60°,

where, N is an integer and 0 <N < 5. Specifically, when
H of 0° (that is, N=0) represents red, when H of 60° (that
is, N=1) represents yellow, when H of 120° (that is, N=2)
represents green, and H of 180° (thatis, N=3) represents
cyan, H of 240° (that is, N=4) represents blue, and H of
300° represents magenta.

[0042] In the embodiment of the present disclosure,
the endpoints may comprise six endpoints (for example,
P4. Py, P3, P’4, P’5, P’3), and the H coordinates of the six
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endpoints may be 0°, 60°, 120°, 180°, 240°, 300°. The
following takes the endpoints comprising six endpoints
as an example for detailed description.

[0043] Inanembodiment of the present disclosure, the
hue of the color with the hue is 0°, that is, the color with
the hue is red. In this embodiment, the color conversion
space as shown in FIG. 3 can be established. Specifical-
ly, when the S component and the V component are at
the maximum values, the H coordinates of the first end-
point P4 and the second endpoint P, both representing
white are 300° and 60°, respectively, and the H coordi-
nate of the third endpoint P, representing red is 0°, the
H coordinate of the additional endpoint P’ representing
black is 120°, the H coordinate of the additional endpoint
P’5 representing white is 180°, the H coordinate of the
additional endpoint P’5 representing black is 240°, and
the color between the any two closest endpoints can be
a transition of the colors of the two endpoints. As the S
component gradually decreases, the color in the color
conversion space gradually changes to white. As the V
component gradually decreases, the color in the color
conversion space gradually changes to black.

[0044] In this embodiment, the first ratio ry4 corre-
sponding to red, the first ratio r,, corresponding to white,
and the first ratio r3; corresponding to black are ex-
pressed by the following formula:

when 0° <H < 60°,

H

rqq = 1- o
60
Iy = 1
60
r31 =0,
when 60° <H < 120°,
rq1= 0
H-60°
Pz =1- 60°
H-60°
I3y = s !
60
when 120° < H < 180°,
rq= 0 ,
H-120°
Iy = s
60
H-120°
s =1- 60°
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when 180° < H < 240°,

rq= 0 ,
H-180°
r,y =1-—
21 60° ' 5
1. — HZ180°
31 = gp0 !
when 240° < H < 300°, 10
ri=0,
H-240°
Iy = s
60 15
H-240°
r;; = 1- T
60
20
when 300° < H < 360°,
H-300°
Iy = .
60 25
H-300°
I,y = 1- N A
60
30
y 31 =0;
wherein, the second ratio r;, corresponding to red, the
second ratio r,, corresponding to white, and the second
ratio r3, corresponding to black are expressed by the
following formula: 35
_ S
Iy =T X,
max
40
S S
Ipp =TIy Xo—+ A —),
Smax Smax
45

I'zp = I'3q X

I
Smax

wherein, the first weight ry3 corresponding to red, the
second weight rp5 corresponding to white, and the third 50
weight ry5 corresponding to black are represented by the
following formula:

55

I3 = ry;p X

I
Vmax

1"

Iyz = I'pp X

I
Vmax

v v
I3z = I'gy X—+ (1 ——),
VmaX VmaX

wherein, S, represents the maximum value in the S
component, and V,,, represents the maximum value in
the V component.

[0045] So far, the first weight, the second weight, and
the third weight can be obtained through this embodi-
ment, when the candidate colors are red, white, and
black.

[0046] In yet another embodiment of the present dis-
closure, the hue of the color with the hue is 60°, that is,
the color with the hue is yellow. In this embodiment, the
color conversion space can be established as the follow-
ing. When the S component and the V component are at
the maximum values, the H coordinates of the first end-
point P4 and the second endpoint P, both representing
white are 0° and 120°, respectively, and the H coordinate
of the third endpoint P5 representing yellow is 60°, the H
coordinate of the additional endpoint P’; representing
black is 180°, the H coordinate of the additional endpoint
P’, representing white is 240°, and the H coordinate of
the additional endpoint P’; representing black is 300°,
and the color between the any two closest endpoints can
be a transition of the colors of the two endpoints. As the
S component gradually decreases, the color in the color
conversion space gradually changes to white. As the V
component gradually decreases, the color in the color
conversion space gradually changes to black.

[0047] In this embodiment, the first ratio ry4 corre-
sponding to yellow, the first ratio ry4 corresponding to
white, and the first ratio r34 corresponding to black are
expressed by the following formula:

when 60° <H < 120°,

H-60°
ri; = 1- 60° !
_ H-60°
Fo1 = =5t
I'31 = 0,
when 120° < H < 180°,
I’11 = 0,
H-120°
Pz =1- 60°
H-120°
31 = s !
60
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when 180° < H < 240°,

r1=0,
H-180°
Iy = s
60
H-180°
Psp=1- 60°
when 240° < H < 300°,
I’11 =0 ,
H-240°
Pz =1- 60°
H-240°
31 = s !
60
when 300° < H < 0°,
I’11 =0 ,
H-300°
Iy = s
60
H-300°
Psp=1- 60°
when 0° < H < 600°,
gy =—,
60
H
Pz =1- 60° "

y 31 =0;

wherein, the second ratio ry, corresponding to yellow,
the second ratio ry, corresponding to white, and the sec-
ond ratio r3, corresponding to black are expressed by
the following formula:

I = ryp X

1
Smax

S S
rzz =I‘21><—+(1——
Smax

)

Smax
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I'zp = I'3q X

I
Smax

wherein, the first weight ry3 corresponding to yellow, the
second weight ry3 corresponding to white, and the third
weight r35 corresponding to black are represented by the
following formula:

I3 = ry;p X

I

Vmax
Iyz = I'pp X v /
max
v v
33 = 'y X—+ (1 ——),
Vmax Vmax

wherein, S, represents the maximum value in the S
component, and V,,, represents the maximum value in
the V component.

[0048] So far, the first weight, the second weight, and
the third weight can be obtained through this embodi-
ment, when the candidate colors are yellow, white, and
black.

[0049] In another embodiment of the present disclo-
sure, the hue of color with the hue is 120°, that is, the
color with the hue is green. In this embodiment, the color
conversion space can be established as the following.
When the S component and the V component are at the
maximum values, the H coordinates of the first endpoint
P, and the second endpoint P, both representing white
are 60° and 180°, respectively, and the H coordinate of
the third endpoint P5 representing green is 120°, the H
coordinate of the additional endpoint P’; representing
black is 240°, the H coordinate of the additional endpoint
P’, representing white is 300°, and the H coordinate of
the additional endpoint P’5 representing black is 0°, and
the color between the any two closest endpoints can be
a transition of the colors of the two endpoints. As the S
component gradually decreases, the color in the color
conversion space gradually changes to white. As the V
component gradually decreases, the color in the color
conversion space gradually changes to black.

[0050] In this embodiment, the first ratio ry4 corre-
sponding to green, the first ratio rp; corresponding to
white, and the first ratio r34 corresponding to black are
expressed by the following formula:

when 120° < H < 180°,




H-120°
Iy = s
60
r31 = 0,
when 180° < H < 240°,
I’11 =0 ,
H-180°
Pz =1- 60°
H-180°
31 = s !
60
when 240° < H < 300°,
I’11 =0 ,
H-240°
Iy = s
60
H-240°
Psp=1- 60°
when 300° <H < 0°,
riy=0,
H-300°
Pz =1- 60°
H-300°
31 = s !
60
when 0° < H < 60°,
ri=0,
Iy = o !
60
H
ry;; = 1- o1
60
when 60° < H < 120°,
H-60°
Iy = —
60
H-60°
g =1- 60°
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31 =0;

wherein, the second ratio ry, corresponding to green, the
second ratio ry, corresponding to white, and the second
ratio r3, corresponding to black are expressed by the
following formula:

S
I = 'y X—,
max

S

S
rzz =I‘21X—+(1—
Smax

)

Smax

S
I'zp = I'3q X '
max

wherein, the first weight ry5 corresponding to green, the
second weight r,5 corresponding to white, and the third
weight r35 corresponding to black are represented by the
following formula:

I3 = ry;p X

I

Vmax
Iyz = I'pp X v /
max
v v
33 = T3y X T— +(1——V ,
max max

wherein, S, represents the maximum value in the S
component, and V,,, represents the maximum value in
the V component.

[0051] So far, the first weight, the second weight, and
the third weight can be obtained through this embodi-
ment, when the candidate colors are green, white, and
black.

[0052] In still another embodiment of the present dis-
closure, the hue of the color with the hue is 180°, that is,
the color with the hue is cyan. In this embodiment, the
color conversion space can be established as the follow-
ing. When the S component and the V component are at
the maximum values, the H coordinates of the first end-
point P4 and the second endpoint P, both representing
white are 120° and 240°, respectively, and the H coordi-
nate of the third endpoint P5 representing green is 180°,
the H coordinate of the additional endpoint P’ represent-
ing black is 300°, the H coordinate of the additional end-
point P’, representing white is 0°, and the H coordinate
of the additional endpoint P’ representing black is 60°,
and the color between the any two closest endpoints can
be a transition of the colors of the two endpoints. As the
S component gradually decreases, the color in the color
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conversion space gradually changes to white. As the V
component gradually decreases, the color in the color
conversion space gradually changes to black.

[0053] In this embodiment, the first ratio ry4 corre-

sponding to cyan, the first ratio ry, corresponding to 5
white, and the first ratio r3; corresponding to black are
expressed by the following equations:
when 180° < H < 240°,
o 10
H-180
I‘11 — 1 - A 7
60
H-180°
Iy = r 15
60°
r3; =0,
when 240° < H < 300°,
riq = 0 20
H-240°
I,y = 1- N A
60
25
H-240°
31 = s !
60
when 300° <H < 0°, 30
r1=0,
H-300°
Iy = s
60 35
H-300°
ry;; = 1- T
60
40
when 0° < H < 60°,
I’11 = 0,
H
Iy = 1— , 45
60°
__ H
I3y = 1
60 50
when 60° < H < 120°,
I’11 =0
H-60° %
Iy = s
60

14

H-60°
r;; = 1- T
60
when 120° <H < 180°,
H-120°
Iy = "
60
H-120°
I,y = 1- N A
60

r31 =0;

wherein, the second ratio ry, corresponding to cyan, the
second ratio ry, corresponding to white, and the second
ratio r3, corresponding to black are expressed by the
following formula:

S
I = 'y X—,
max

S

S
rzz =I‘21X—+(1—
Smax Smax

)

S
I'zp = I'3q X '
max

wherein, the first weight ry5 corresponding to cyan, the
second weight ry3 corresponding to white, and the third
weight r35 corresponding to black are represented by the
following formula:

I3 = ry;p X

I

Vmax
Iyz = I'pp X v /
max
v v
33 = 'y X—+ (1 ——),
Vmax Vmax

wherein, S, represents the maximum value in the S
component, and V,,, represents the maximum value in
the V component.

[0054] So far, the first weight, the second weight, and
the third weight can be obtained through this embodi-
ment, when the candidate colors are cyan, white, and
black.

[0055] In still another embodiment of the present dis-
closure, the hue of the color with the hue is 240°, that is,
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the color with the hue is blue. In this embodiment, the
color conversion space can be established as the follow-
ing. When the S component and the V component are at
maximum values, the H coordinates of the first endpoint
P, and the second endpoint P, both representing white
are 180° and 300°, respectively, and the H coordinate of
the third endpoint P5 representing blue is 240°, the H
coordinate of the additional endpoint P’y representing
black is 0°, the H coordinate of the additional endpoint
P’, representing white is 60°, the H coordinate of the
additional endpoint P’5 representing black is 120°, and
the color between the any two closest endpoints can be
a transition of the colors of the two endpoints. As the S
component gradually decreases, the color in the color
conversion space gradually changes to white. As the V
component gradually decreases, the color in the color
conversion space gradually changes to black.

[0056] In this embodiment, the first ratio ry; corre-
sponding to blue, the firstratio r,4 corresponding to white,
and the first ratio r3; corresponding to black are ex-
pressed by the following formula:

when 240° < H < 300°,

H-240°
= 1= 60°
H-240°
Iy = s
60
r31 = 0,
when 300° <H < 0°,
ri=0,
H-300°
fa =27 =
H-300°
31 = s !
60
when 0° < H < 60°,
ri=0,
Iy = 1
60
H
ry;; = 1- o1
60

when 60° < H < 120°,
ri=0,

10

15

20

25

30

35

40

45

50

55

15

H-60°
Iy =1— . !
60
H-60°
31 = o !
60
when 120° < H < 180°,
ri1=0
H-120°
Iy = s
60
H-120°
ry;; = 1- T
60
when 180° < H < 240°,
H-180°
Iy = "
60
H-180°
I,y = 1- N J
60

s 31 =0;

wherein, the second ratio rq, corresponding to blue, the
second ratio ry, corresponding to white, and the second
ratio r3, corresponding to black are expressed by the
following formula:

I = ryp X

I
Smax

—),

S
rzz =I‘21X—+(1—
Smax Smax

I'zp = I'3q X

I
Smax

wherein, the first weight ry5 corresponding to blue, the
second weight ry3 corresponding to white, and the third
weight r35 corresponding to black are represented by the
following formula:

I3 = ry;p X

I
Vmax
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Iyz = I'pp X

1
Vmax

v v
33 = 'y X—+ (1 ——),
VmaX VmaX

wherein, S, represents the maximum value in the S
component, and V., represents the maximum value in
the V component.

[0057] So far, the first weight, the second weight, and
the third weight can be obtained through this embodi-
ment, when the candidate colors are blue, white, and
black.

[0058] In still another embodiment of the present dis-
closure, the hue of the color with the hue is 300°, that is,
the color with the hue is magenta. In this embodiment,
the color conversion space can be established as the
following. When the S component and the V component
are at maximum values, the H coordinates of the first
endpoint P, and the second endpoint P, both represent-
ing white are 0° and 240°, respectively, and the H coor-
dinate of the third endpoint P5 representing magenta is
300°, the H coordinate of the additional endpoint P’ rep-
resenting black is 60°, the H coordinate of the additional
endpoint P’, representing white is 120°, the H coordinate
of the additional endpoint P’5 representing black is 180°,
and the color between the any two closest endpoints can
be a transition of the colors of the two endpoints. As the
S component gradually decreases, the color in the color
conversion space gradually changes to white. As the V
component gradually decreases, the color in the color
conversion space gradually changes to black.

[0059] In this embodiment, the first ratio ry, corre-
sponding to magenta, the first ratio ry4 corresponding to
white, and the first ratio r34 corresponding to black are
expressed by the following formula:

when 300° < H < 0°,

H-300°
I‘11 — 1 - A 7
60
H-300°
Iy = s
60
r31 =0,
when 0° < H < 60°,
riq =0,
H
I,y = 1- o
60

(]

10

15

20

25

30

35

40

45

50

55

16

__ H
I3y = o
60
when 60° <H < 120°,
rq1= 0
H-60°
Iy = s
60
H-60°
r;; = 1- T
60

when 120° < H < 180°,

rq= 0 ,
H-120°
I,y = 1- N A
60
H-120°
31 = s !
60
when 180° < H < 240°,
rq= 0 ,
H-180°
Iy = s
60
H-180°
ry;; = 1- T
60
when 240° < H < 300°,
H-240°
Iy = "
60
H-240°
Iy =1— o !
60

s 31 =0;
wherein, the second ratio ry, corresponding to magenta,
the second ratio ry, corresponding to white, and the sec-
ond ratio ry, corresponding to black are expressed by
the following formula:

S
I = 'y X—,
max
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S

S
rzz =I‘21X—+(1—
Smax

)

Smax

S
I'zp = I'3q X '
max

wherein, the first weight ry3 corresponding to magenta,
the second weight ry; corresponding to white, and the
third weight r35 corresponding to black are represented
by the following formula:

I3 = ry;p X

I
Vmax

Iyz = I'pp X

I
Vmax

v

)

v
33 = Iy X — 4+ (1 —
33 327 Viax ( Vinax

wherein, S, represents the maximum value in the S
component, and V ,,,, represents the maximum value in
the V component.

[0060] So far, the first weight, the second weight, and
the third weight can be obtained through this embodi-
ment, when the candidate colors are magenta, white, and
black.

[0061] It should be understood that, for the HSV color
space, the values of S5, and V5 in the above-men-
tioned embodiment may both be 1.

[0062] After the first weight, the second weight, and
the third weight are obtained, the weight with the maxi-
mum value is determined, and the candidate color cor-
responding to the weight with the maximum value is se-
lected as the target color. It can be understood that after
the target color of the pixel is determined, the value of
the RGB component of the pixel may be set to the value
of the RGB component corresponding to the target color.
For example, in an embodiment where the candidate
colors are red, white, and black, if the value of the first
weight corresponding to red is the maximum value, then
red is selected as the target color of the pixel, and the
value of the RGB component of the pixel is set to (255,
0, 0).

[0063] In the embodiment of the present disclosure,
after the target color of the pixel is determined, error dif-
fusion is performed on the pixel. FIG. 4 is a schematic
diagram of error diffusion from one pixel to surrounding
pixels according to an embodiment of the present disclo-
sure, which is based on a Floyd-Steinbergfilter. As shown
in FIG. 4, the error value between the original color and
the target color of the pixel 110 is diffused to surrounding
pixels 112, 114, 116, 118, 120, 122, 124, 126, 128, 130,
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132, and 134. As shown in Figure 4, pixel 112 receives
7/48 of the error value from pixel 110, pixel 114 receives
5/48 of the error value from pixel 110, pixel 116 receives
3/48 of the error value from pixel 110, and pixel 118 re-
ceives 5/48 of the error value from pixel 110, pixel 120
receives 7/48 of the error value from pixel 110, pixel 122
receives 5/48 of the error value from pixel 110, pixel 124
receives 3/48 of the error value from pixel 110, and pixel
126 receives 1/48 of the error value from pixel 110, pixel
128 receives 3/48 of the error value from pixel 110, pixel
130 receives 5/48 of the error value from pixel 110, pixel
132 receives 3/48 of the error value from pixel 110, and
pixel 134 receives 1/48 of the error value from pixel 110.
By performing error diffusion on pixels, the target image
has a better visual effect. It should be noted that, in the
case of error diffusion, the original color of each pixel
described above in the present disclosure is the original
color after diffusing errors from surrounding pixels, for
example, before determining the target color of the pixel
to be processed, error diffusion is used to correct the
original color of the pixel to be processed.

[0064] In addition, it can be understood that those
skilled in the art can also perform error diffusion on pixels
based onthe JF Jarvis filter, the Burkes filter, or the Stucki
filter.

[0065] Figures5A-5Cillustrate a process of converting
an image into a target image according to a method of
an embodiment of the present disclosure. The left of Fig-
ures 5A-5C is the image before processing, and the right
of Figures 5A-5C is the target image after processing.
The colors of the target image comprise red, black, and
white, and the pixels in the target image are performed
error diffusion based on the Floyd-Steinberg filter. As
shown in Figures 5A-5C, by using a limited number of
candidate colors to represent the target image, the target
image visually forms a continuous hue effect, thereby
having a better visual effect.

[0066] Inotherembodiments of the present disclosure,
a storage medium is also provided. The storage medium
stores computer instructions, where the computer in-
structions execute the method for processing an image
of the present disclosure when executed by a processor.
[0067] Inotherembodiments of the present disclosure,
an apparatus is also provided. The apparatus may com-
prise one or more processors, wherein the processor is
configured to execute computer instructions to perform
the method for processing images of the present disclo-
sure.

[0068] The specific embodiments of the present dis-
closure have been described above, but the scope of the
present disclosure is notlimited thereto. For those skilled
in the art, the present disclosure can have various mod-
ifications and changes. Any modification, equivalent re-
placement, improvement, etc., made within the spiritand
principle of the present disclosure shall be comprised in
the protection scope of the present disclosure.
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Claims

1.

A method for processing an image, comprising:

determining weights corresponding to candi-
date colors for a target color based on an original
color of a pixel in the image;

selecting a target color of the pixel from the can-
didate colors based on the weights; and
converting the original color of the pixel into the
target color to obtain a target image.

The method according to claim 1, wherein selecting
the target color of the pixel comprises:

determining a weight with a maximum value
among the weights; and

selecting the candidate color corresponding to
the weight with the maximum value as the target
color.

The method according to claim 2, wherein determin-
ing the weights comprises:

establishing a color conversion space in a HSV
color space based on the candidate colors;

in the color conversion space, determining the
weights corresponding to the candidate colors.

The method according to claim 3, wherein the can-
didate colors comprise a color with a hue, white or
black, and the weights comprise a first weight cor-
responding to the color with the hue, a second weight
corresponding to white, and a third weight corre-
sponding to black.

The method according to claim 4, wherein the color
conversion space is established such that:

when a S component and a V component are at
maximum values, a H component has a plurality
endpoints, the endpoints comprise a first end-
point and a second endpoint both representing
white, a third endpoint representing the color
with the hue, and an odd number of additional
endpoints representing black or white, wherein
the firstendpoint and the second endpoint divide
the H component as a whole into a first interval
and a second interval continuous with each oth-
er, and the third endpoint is located in the first
interval, the additional endpoints are located in
the second interval, and when a number of the
additional endpointis 1, the additional endpoint
represents black, and when a number of the ad-
ditional endpoints is greater than 1, one of two
closest additional endpoints represents white
and the other of the two closest additional end-
points represents black, and two additional end-
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points respectively closest to the first endpoint
and the second endpoint represent black,
wherein, a color between any two closest end-
points is a transition of colors of the two end-
points;

as the S component gradually decreases, a
color in the color conversion space gradually
changes to white; and

as the V component gradually decreases, the
color in the color conversion space gradually
changes to black.

6. The method according to claim 5, wherein determin-

ing the weights comprises:

when the S component and the V component
are at maximum values, determining first ratios
of the candidate colors based on the H compo-
nent, wherein a sum of the first ratios of the can-
didate colors is 1;

determining second ratios of the candidate
colors based on the first ratios and the S com-
ponent, wherein a sum of the second ratios of
the candidate colors is 1; and

determining the weights of the candidate colors
based on the second ratios and the V compo-
nent, wherein a sum of the weights of the can-
didate color is 1.

The method according to claim 6, wherein the hue
of the color with the hue in the HSV space is repre-
sented by the following formula:

H=Nx60°,

wherein, N is an integer and 0 < N < 5.

The method according to claim 7, wherein the end-
points comprise six endpoints, and H coordinates of
the endpointsare 0°,60°,120°, 180°,240°, and 300°,
respectively.

The method according to claim 8, wherein the hue
of the color with the hue is 0°, wherein the first ratio
ryq corresponding to red, the first ratio ry4 corre-
sponding to white, and the first ratio r34 correspond-
ing to black are expressed by the following formula:
when 0° < H < 60°,

H

rqq = 1- o
60
f1 = 5
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r34 =0,
when 60° < H < 120°,
I’11 =0 y
H-60°
Iy =1— . !
60
H-60°
I3y = s !
60
when 120° <H < 180°,
I’11 =0
H-120°
I I‘21 - I
60°
H-120°
r;; = 1- T
60
when 180° < H < 240°,
I’11 =0
H-180°
rpy =1— ——
21 60° !
r __ H-180°
31 — 60° !
when 240° < H < 300°,
I’11 =0 y
H-240°
Iy = s
60
H-240°
r;; = 1- T
60
when 300° < H < 360°,
H-300°
Iy = .
60
H-300°
Iy =1— o !
60

,r31=0;
wherein, the second ratio ry, corresponding to red,
the second ratio r,, corresponding to white, and the
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second ratio ry, corresponding to black are ex-
pressed by the following formula:

S
I = 'y X—,
max

S

S
rzz =I‘21X—+(1—
Smax

)

Smax

I'zp = I'3q X

I
Smax

wherein, the first weight ry5 corresponding to red, the
second weight ry5 corresponding to white, and the
third weight r5 corresponding to black are represent-
ed by the following formula:

I3 = ry;p X

I
Vmax

Iyz = I'pp X

I
Vmax

v v
I3z = I'gy X—+ (1 ——),
VmaX VmaX

wherein, the S,,,,, represents a maximum value in
the S component, and the V,,, represents a maxi-
mum value in the V component.

10. The method according to claim 8, wherein the hue
of the color with the hue is 60°, wherein the first ratio
ry4 corresponding to yellow, the first ratio ry4 corre-
sponding to white, and the first ratio r34 correspond-
ing to black are expressed by the following formula:
when 60° < H < 120°,

H-60°
ri, = 1-—
11 60° !
r _ H-60°
21 — 60° '
,r31=0,
when 120° < H < 180°,
I’11 =0
H-120°
I,y = 1- N A
60
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H-120°
31 = s !
60
when 180° < H < 240°,
r1=0,
H-180°
Iy = s
60
H-180°
ry;; = 1- T
60
when 2400° <H < 300°,
rq= 0
H-240°
I,y = 1- N A
60
H-240°
31 = s !
60
when 300° <H < 0°,
rq= 0
H-300°
Iy = s
60
H-300°
ry;; = 1- T
60
when 0° < H < 600°,
__ H
i =—,
60
H
I,y = 1- o
60

394 = 0,

wherein, the second ratio ry, corresponding to yel-
low, the second ratio ry, corresponding to white, and
the second ratio r3, corresponding to black are ex-
pressed by the following formula:

I = ryp X

I
Smax
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S

S
rzz =I‘21X—+(1—
Smax

)

Smax

I'zp = I'3q X

I
Smax

wherein, the first weight ry5 corresponding to yellow,
the second weight r,4 corresponding to white, and
the third weight ry; corresponding to black are rep-
resented by the following formula:

I3 = ry;p X

I
Vmax

Iyp = Ipp X

I
Vmax

v

\%
I'33 = I'32><—+(1—
Vmax

)

Vmax

wherein, the S, represents a maximum value in
the S component, and the V ,,, represents a maxi-
mum value in the V component.

11. The method according to claim 8, wherein the hue
of the color with the hue is 120°, wherein the first
ratio ry4 corresponding to green, the first ratio ry,
corresponding to white, and the first ratio r34 corre-
sponding to black are expressed by the following for-
mula:
when 120° < H < 180°,

H-120°

rqq = 1- N A
60
H-120°
Iy = s
60
31 =0,
when 180° < H < 240°,
ri1=0,
H-180°
I,y = 1- N A
60
H-180°
31 = s !
60

when 240° < H < 300°,
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riy=0
H-240°
Iy = s
60
H-240°
Psp=1- 60°
when 300° < H < 0°,
ri1=0,
H-300°
Pz =1- 60°
H-300°
31 = s !
60
when 0° <H < 60°,
I’11 =0
Iy = 1
60
H
s =1- 60°"
when 60° < H < 120°,
H—-60°
Iy = —
60
H—-60°
g =1- 60°

y 31 =0;

wherein, the second ratio ry, corresponding togreen,
the second ratio r,, corresponding to white, and the
second ratio r3, corresponding to black are ex-
pressed by the following formula:

I

12 = I'p X g
max

S

S
rzz =I‘21X—+(1—
Smax

)

Smax
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I'zp = I'3q X

I
Smax

wherein, the first weight ry3 corresponding to green,
the second weight ry5 corresponding to white, and
the third weight r35 corresponding to black are rep-
resented by the following formula:

I3 = ry;p X Vo'
Iyz = I'pp X Vo !
v v
33 = 'y X—+ (1 ——),
Vmax Vmax

wherein, the S,,,,, represents a maximum value in
the S component, and the V ,,, represents a maxi-
mum value in the V component.

12. The method according to claim 8, wherein the hue
of the color with the hue is 180°, wherein the first
ratio ry4 corresponding to cyan, the first ratio r,4 cor-
responding to white, and the first ratio ry; corre-
sponding to black are expressed by the following
equations:
when 180° < H < 240°,

H-180°
rqq = 1- —
60
H-180°
Iy = s
60
r31 =0,
when 240° < H < 300°,
r1=0,
H-240°
Iy =1— o !
60
H-240°
31 = s !
60

when 300° <H < 0°,
riy=0,
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H-300°
Iy = s
60
H-300°
ry;; = 1- i
60
when 0° < H < 60°,
riy=0
H
I,y = 1- o
60
_ H
I3y = 1
60
when 60° < H < 120°,
ri1=0,
H-60°
Iy = s
60
H-60°
r;; = 1- T
60
when 120° <H < 180°,
H-120°
rygy=—]—".
60
H-120°
Iy =1— o !
60

394 = 0,

wherein, the second ratio r4, corresponding to cyan,
the second ratio r,, corresponding to white, and the
second ratio r3, corresponding to black are ex-
pressed by the following formula:

I

12 = I'p X g
max

S S
rzz =I‘21><—+(1——
Smax

)

Smax
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wherein, the first weight r 3 corresponding to cyan,
the second weight ry3 corresponding to white, and
the third weight r35 corresponding to black are rep-
resented by the following formula:

I3 = ry;p X

I
Vmax

Iyz = I'pp X

I
Vmax

v

\%
I'33 = I'32><—+(1—
Vmax

)

Vmax

wherein, the S, represents a maximum value in
the S component, and the V,, represents a maxi-
mum value in the V component.

13. The method according to claim 8, wherein the hue
of the color with the hue is 240°, wherein the first
ratio ry, corresponding to blue, the first ratio ry; cor-
responding to white, and the first ratio r3; corre-
sponding to black are expressed by the following for-
mula:
when 240° < H < 300°,

1 H-240°
M= ==
__ H-240°
r21 - 60° I
, 31 =0,
when 300° <H <0°,
r1=0,
H-300°
r21 = 1 - 60° I
__ H-300°
r31 - 60° I
when 00° < H < 60°,
I’11 =0 ,
__H
v o1 = 5 r



43
H
Py =1———
31 600'
when 60° < H < 120°,
rq= 0
H-60°
r,y =1-—
21 60° I
S
31 — 60° I
when 120° <H < 180°,
rq= 0 ,
S v
21 — 60° I
H-120°
Py, =1— 122
31 60° I
when 180° < H < 240°,
P o Ho180°
11 — 60° I
H-180°
r,y =1-—
21 60° I

394 = 0,

wherein, the second ratio ry, corresponding to blue,
the second ratio r,, corresponding to white, and the
second ratio r3, corresponding to black are ex-
pressed by the following formula:

S
I = 'y X—,
max

S S
rzz =I‘21X—+(1—
Smax

)

Smax

S
I'zp = I'3q X '
max

wherein, the first weight ry3 corresponding to blue,
the second weight ry53 corresponding to white, and
the third weight r35 corresponding to black are rep-
resented by the following formula:
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14.

44

I3 = Ijp X
13 12 Vimax

Iyz = I'pp X

I
Vmax

v

\%
I'33 = I'32 X_+(1_
Vmax

)

Vmax

wherein, the S,,,,, represents a maximum value in
the S component, and the V,, represents a maxi-
mum value in the V component.

The method according to claim 8, wherein the hue
of the color with the hue is 300°, wherein the first
ratio ry, corresponding to magenta, the first ratio r,,
corresponding to white, and the first ratio ry; corre-
sponding to black are expressed by the following for-
mula:

when 300° < H < 0°,

H-300°

= 1= 60°
H-300°
Iy = s
60
r31 = 0,
when 0° <H < 60°,
ri1=0
H
r I‘21 = 1 - o !
60
_ H
I3y = 1
60
when 60° < H < 120°,
ri1=0
H-60°
Iy = s
60
H-60°
Iz = 1- 60° !

when 120° < H < 180°,
ri1=0,
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H-120°
I,y = 1- N A
60
o 5
H-120
31 = s !
60
when 180° < H < 240°,
ri1=0, 10
H-180°
Iy = s
60
15
H-180°
ry;; = 1- T
60
when 240° < H < 300°, 20
H-240°
Iy = "
60
25
H-240°
I,y = 1- N A
60
, r31 = 0, 30
wherein, the second ratio rq, corresponding to ma-
genta, the second ratio r,, corresponding to white,
and the second ratio r3, corresponding to black are
expressed by the following formula:
35
_ S
Iy =T X,
max
S S 40
gz =Ty Xo—+(1-—),
max max
45

I'zp = I'3q X

I
Smax

wherein, the first weightr5 corresponding to magen-

ta, the second weight r,5 corresponding to white, and

the third weight r35 corresponding to black are rep- 50
resented by the following formula:

I3 = ry;p X

14
Vmax 55

24

15.

16.

17.

18.

Iyz = I'pp X

1
Vmax

v v
33 = 'y X—+ (1 ——),
VmaX VmaX

wherein, the S, represents a maximum value in
the S component, and the V,, represents a maxi-
mum value in the V component.

The method according to any one of claims 9 to 14,
further comprising:

after determining the target color of the pixel, per-
forming error diffusion on the pixel.

The method according to claim 15, wherein the error
diffusion is performed based on a Floyd-Steinberg
filter.

A storage medium having computer instructions
stored thereon, wherein the computer instructions
are executed by a processor to perform the method
according to any one of claims 1 to 16.

An apparatus comprising one or more processors
configured to execute computer instructions to per-
form the method according to any one of claims 1 to
16.
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Determie weights corresponding to candidate colors for a target
color, based on an original color of a pixel in the image

102

!

Select a target color of the pixel from the candidate colors, based
on the weights

\~ 104

|

Convert the original color of the pixel into the target color to
obtain a target image

106

Fig. 1

Fig. 2
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Fig. 3
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Fig. 5C
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